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OF A

RAM-JET MISSILE MODELHAVINGA WING AND CANARDSURFACES

“OFDELTAPIAN FORMWITH 70° SWEiTIENI13?GIZDGIZS

FORCEAND MOMENTCHARACTERISTICSAT COMBINEDANGLESOF

PI?ICHAND SIDESIZP FOR MACH NUMBER 2.01

By Cornellus Driver and Clyde V. Hsmilton

An investigation has been conducted b the Mmgley 4- by k-foot
supersonicpressure tunnel to determine the static st~ility- and control .
characteristicsof a rsm-jet canard missile at a lkh nuuiberof 2.01.
The missile had wings and canard m.ufaces of delta plan form with 70°
swept leading edges. Two ram-jet nacelles were mounted in the vertical
plane on unswept pylons near the rear of the body. The center of gratify
of the model was at -19.5 percent of the wing mean aerodynamic chord.
Force characteristicsof the missile configuration and various conibina-
tions of its components were determined through an incidence amgle range
from -2° to about 26° and at various roll angles from 0° to -90°.The

Reyuolds nuuiberof the tivestigationwas 3.47 X 106 based on the wing
mean aerodynamic chord.

An analysis of the results indicated that the missile became unsta-
ble in pitch above a lift coefficient of about 0.4 as a result, prima-,
rily, of the large unstxiblemment of the body.” .

The maximum lift-drag ratid was reduced from 5.0 to 3.2 by the
addition of the nacelle-pylon cofiination to the wing-bodj-canard
configuration.

There was a decrease in the directional stabi!kL~*yat &kL angles
of sideslip with increasing angle’of attack up to angles of attack
near 14°.

For positive singlesof attack, the missile had negative
dihedral or positive rolling moment due to sideslip.

effective

.
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INTRODUCTION

NACA RM I@B21

Tests have been made in the Langley 4- by k-foot supersonic pressure
tunnel to determine the aerodynamic characteristics of a ram-jet canard-
missile configuration. The tests were part of a coordin.atedprogrsm with
the Pilotless Aircraft Resesrch Ditision to provide preflight aerodynamic
characteristics of a model of a missile to be flight tested. In addition,
tests were required to determdne certain interference effects not obtain-
able in flight.

The model had a wing and horizontal and verticsl canard surfaces
of delta plan form with 70° swept leading edges. Two ram-jet nacelles
were mounted in the vertical plane on short unswept pylons near the rear
of the body. The model was equipped with aJ1-movdle canard control
surfaces for both pitch and sideslip control, and movsble wing-tip
ailerons for roll control. The various component parts of the model
couldbe removed to permit the investigation of the complete configura-
tion or various c@inations of its component parts to determine inter-
ference effects. The results of previous tests of the missile at a Mach
nunber of 1.6 are presented in references 1 and 2.

The presqnt paper presents the results of an extension to the inves-
tigation in which the static stability and control characteristics of the
complete configuration and various cmibinations of its component parts
were determined at a Mach nmiber of 2.01 and a Reynolds nuniberof

of 3.47 x 106 based on the wing mean aerodynamic chord.

SYMBOIS

The results of the tests are presented as standard NAC!Acoefficients
of forces and-moments. The data are referred to the stability-axis sys-
tem (fig. 1) with the reference center of gravity a% -19.5 percent of the
wing mean aerodynamic chord.

c wing section chord

b..*a

J
b/2

E whgmean aerodynamic chord, $ C%y, 0.957 ft
o

D drag, lb
r.

r’
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bow front~ area, 0.03875 sq ft

body length, 4.23 ft

lift, lb

moment sboti X-axis, lb ft

Mach tier

mcmrsntabout Y-axis, IIIft

moment about Z-axis, lb ft

free-stream dymsmic pressure, lb/sq ft

tot~ wing area, 0.69M sq ft (see fig. 2)

longitudinal distmce from mesm geometric chord

distance along wing span frmn model center line measured
normal to the plane of symmetry

force along X-sxisj lb

force along Y-axis, Sb

force along Z-axisj lb

lift coefficient, Id.ft/qS (where lift is -Z) -

longitudinal-force coefficient, X/qS (-~ = CD when 13= O)

pitChing-mment coefficient, M’/qSZ

lateral-force coefficient, Y/qs

rolli&-moment coefficient, L/qSb

yawing-mcment coefficient, N/qSb

angle of attack of the body center line, deg

angle of sidesl.ipof the body center line, d.eg

— —.-—- — ——..—— ——-— ——..
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i incidence angle, deg (angle between body center line and
relative wind or sting angle)

$ angle of roll ~out the body axis, deg (positive angles clock.
wise as viewed from resr). # is zero when the wings are
h a plane 90° from the plane conta~g the incidence
angle i

% verticsl csmard deflection, *g

% horizontal canard deflection, deg

6% aileron deflection, right, deg

%
aileron deflection, lefi, deg

Notation for configuration:

B body

w

c horizotial and vertical.canard surfaces

N nacelles

MODELm APPARATUS

A three-view drawing of the basic model is shown in figure 2(a).
Details of the canard surfaces and the method of determining wing area
included within the body are presented in figure 2(b). A photograph
showing the details of the model is shown in figure 3. The gemetric
characteristics of the model are given in tale I.

The model w coqosed of a cylindricalbody with a nose formed
by a pardbolic section snd a frustum of a cone. Coordinates for the
body are given in table II. The canard surfaces were in both the hor-
izontal and vertical planes and had delta plan forms with 70° swept
leading edges. The canard surfaces were all-moving @ were deflected
about axes normal.to the body center line.

The main wing was located in the horizontal plane and had a modi-
fied delta plan form with 70° swept leading edges. (See fig. 2(c).)
The nacelles were mounted on short, unswept pylons near the re~ of the

-!
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%od.ymd correspond to the position designated “* iziboard”in refer-
ence 1. Coordinates for the nacelle ad nacelle center body are given
in T*le III. KU components of the model were remcmible so thst tests
of various cdinations of components could be made.

The model was mounted on a remotely controlled rotary-type sting
so that tests could be made at various ro~ angles of the model. Force
measurements were obtained through the use of a six-compment titernal
strain-gagebalance.

TESTSAND PROCEDURE

Testswere made througha sthg amgle range from -@ to *out 260
at varioui3ro13 angles from 0° to -90°. The sting angles and roll angles
were resolved tito the angles of attack a smd sideslip ~ by means
of the following relations:

-tan CL=tsn i Cos @ (1)
,

tan p =Sinisin$ (2)

The test conditions were

Machnuuiber . . . . . . . . . . . . . . . . . . . . . . . . 2.01

Reynolds nuniber,based on W@3 mean aerodynamic chord . . . 3.47 X 106
Stagnation pressure, atm. . . . . . . . . . . . . . . . . 1.0
Stagnation temperature, %l?. . . . . . . . . . . . . . . . 100
Dewpoint, OF . . . . . . . . . . . . . . . . . . . . . .. below -~”

The model confi~ations tested are listed in the following txible:

hcldence
angle
i, aeg

-2t027
-2to a.
oto26
-2to12
-2t027
-2t027
-$?toq’

Oto -go
o,-45,-go
Oto -go
o to-90
Oto -go
Oto -go
o k -90

ModelCcqigurd h.1

Horizontal

aeflectim,
%, ‘@J

o, -8, -12
-———
—— -
0, -8, -I-2

o
0
0

Wrtiml

aeflectiwl,
I%/,aeg

o, -lo

0
0
0
0

deflection
t3@aeg

---
0

0
0
0

.- —.. — _. ._. _ —. .—— .— . ..-— .- —-— .-— —–—
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For sll the test runs the nacelles were open smd the data include
the effects of fnternal flow. The nacelles were desiaed for a Mach
nunber of 2 and, for this test, were operded near
flow ratio of 110. ()?orone rin a
at the base of one nacelle and the
clout 0.97.)

CORRECTIONS

pressure-survey
mass-flow ratio

AND ACCURACY

th& deSigIl IIESS-

rake was installed
was determined to be

Alhited calibration prior to these tests has shown that the flow
in the test section is reas&@ilyuniform. The W ntier variation in
the test sections was iO.01~ and the flow-angle variation in the horizon-
tal and vertical planes was kO.lO. No corrections were appliedto the
data to account for these flow variations. The @es of ticidence were
corrected for deflection under load. No corrections were applied to the
roll.angles due to deflection under load; however, these deflections
wouldbe smsll due to the comparatively smsll rolling mments and the
rigidity of the system.

The base pressure was measured and the drag data were corrected to
a base pressure equal to the free-dream static pressure. Errors in the
base pressure messurements are included b the estimated error of ~.

No corrections were made for sting interference.

The esttited errors in the individual measured quantities are as
follows:

%“””””””””””””””””””””” ““””””” *O●0004

%?”””””””””””””””””””””” ““””””” *O.0-04

%“””””””””””””””””””””” ““””””” to.002

%“””””-””””””””””””””” ““”””””” to.0005

c~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . *O●0004

%“”””””””””””””””””””””” ““”””” *()●Ool

i,deg. . . . . . ● . . . . . . . . . . . . . . . . . . . . *0.1
ql,deg. . . ● . ● . . . . ● . . . . . . . . . . . . . . . ● .
~, deg . . . . . -.. = . . . . . . . . . . . ...*...

*().1
*().1

b=,deg . . . . . . . . ● . ● . . . . . . . . . . . . , . . *001

*
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The basic results presented as functions of the incidence angle i
for varicnM constant values of roU. angle q are shown in the following
manner:

Configuration Figure

BWCN, ~= O . . . . . . . . . . . . . . . . . . . . . . . . . . 4

BwCN,~= - 80. . . . . . . . . . . . . . . . . . . ...*.. 5

BWCN, ~ = -@ . . . . . . . . . . . . . . . . . . . . . . . . 6

BWCM, ~=-100 . . . . . . . . . . . . . . . . . . . . . . . . 7

BWCNjbaL =lOO}baR=-lOO. . . .. . . . . . . . . . . . . . 8

BC, @ BOO . . . . . . . . . . . . . . . . . . . . . . . . . . 9
BC, ~=-8°. . . . . . . . . . . . . . . . . . . . . . . . . . 10

BC, ~=-12° . . . . . . . . . . . . .“.. . . . . . .. . . . n
BW. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12
BWC,~=O . . . . . . . . . . . . . . . . . . . . . . . . . . 13

_SfS fi~s obt~ed fr~the basic data are presented as follows:

Aerodynamic characteristics in pitch for several constant
control deflections”

- ,p=oo . . . . . . . . . . . . . . . ● .
Effect of center-of-gravitylocation on the aerodynamic

characteristics tipitch;.~ =00 . . . . . . . . . . . . . . .
Aerodynamic characteristics in pitch of the complete model

snd various combinations of its cqonents; ~ = 0° . . . . . .
L/D ratios for the complete model snd vsrious conibinations
of its components; p=OO . . . . . . . . .. . . . . . . . . .

Effect of nacelle location on the aerodynamic characteristics
iIlpitChj~=OO. . . . . . . . . . . . . . . . . . . . . . .

Aerodynamic chsxacteristics in sideslip at vertical csmard
deflections of OOsnd-lOO; a= Of . . . ...’... . . . . .

Aerodynamic characteristics in sideslip for the complete model
and vsrious combinations of its components; a = 0° . . . . . .

Effect of nacelle location on the aerodynamic characteristics
tiSideSlipj CL=OO . . . . . . . . . . . . . . . . . . . . .

Effect of vertical cansxd deflection on the aerodynamic
characteristics inpitch; ~ =00 . . . . . . . . . . . . . . .

Effect of horizontal canard deflection on the aerodymmic
characteristics illSideSlipj ~ = 00 . . . . . . . . . . . . .

Effect of aileron deflection on the aerodynamic characteristics
inpitch; p=o”. . . . . . . . . . . . . . . . . . . . . . .

Effect of angle of attack on the aerodynamic characteristics
tnsideslip . . . . . . . . . . . . . . . . . . . . . . . . .

..

14

15

16

17

18

19

20

a

22

23

24

25

-. —— ——-——-—.- . ..——.— -—— -— . —- -.—-.—.—. —— — - –—– —
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Longitudinal Characteristics

Stability and control, complete model.- The pitching-moment curves -
for the complete model (fig. 14) indicate a large nonlinear moment
variation with lift coefficient. Such nonline= characteristicsmay
lead to missile tzuiblingat higher amgles of attack and may necessitate
a restriction of the angle-of-attack range to angles below 12°. The
results obtained at M = 1.6 (ref. 1) indicated a similar trend although
the angle-of-attack rmge did not %end beyond lk”. A forward shift in
center-of-gratitylocation of -0.30 x/? eliminated the unstable varia-
tion of pitching-moment coefficient at high angles of attack (fig. 15)
but also ticreased the static st~fiity -~CL to such an extent
that the maneuverability couldbe seriously hampered.
,

At a center-of-gravitylocation of -19.5 percent of wing mean
aerodynamic chord, the maximum trim lift coefficient in the stable
range ~=- 12°, was approximately 0.4 at a = 12° and the resulting

longitudinal-force coefficient-was -0.14.

Effects of component parts.- The longitudinal characteristicsof
the complete model and various cmibinations of its components are pre-
sented in figure 16. The nonlinear pitching moment appears to be pri-
marily a body effect rather than a wake or upwash effect (fig. 16) since
the model with the canards removed indicates the same nonlinear trends.
The addition of the nacelle-pylon cmibination to the body-wing canard
configuration caused a large increase in minimum drag (fig. 16) and
lowered the maximum L/D from 5.0t03.2 (fig. 17). The addition of

“

the upper nacelle only (fig. 18) produced a positive moment increment
which resulted from the conibinedeffects of the drag of the nacelle-
strut combination and the interference lift loss on the upper surface
of the wing. Coriversely,the combined interference and drag effects of
the lower nacelle resulted in a negative moment increment. The addition
of both nacelles produced a greater destabilizhg effect on the complete
configuration (fig. 18) than indicated by the results for the nacelles
individually.

Lateral Characteristics

Directional stability and control, complete model.- The results
for the complete configuration (fig. 19) indicate that the nmdel is
directionally stable w to sideslip angles near 14°. The pylons and
naceUes provide greater lateral force and directional stability
(fig. 20) than the wings provide normal force and longitudinal stability
(fig. 16). AS a result, potenti~ higher angles could be reached in
the yaw plane before instability occurred. .However,because of the
greater stability aud the decreased canard area, the vertical canard is
less effective in producing trim angle changes than is the horizontal
canard.

,,;.!~
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Effects of comporientparts.- The lateral characteristics of the
comlete model snd various cmdxlnations of its components are presented
in ~igures 20 smd 21. The differences h side force and yawing moment
at the higher singlesof attack between the configurationswith only an
upper or lower nacelle (fig. 21) are believed to result fram small
asymmetrics inherent in the model smd model support system. The direc-
tional stability for the cohplete model is scmewhat less than that bdi-
cated by a summation of the individual nacelles as a result, prolMily,
of a mutusl interference of the nacelles on the body sidewash.

~duced effects of csnard controls.- The induced effects caused by
verticsl and horizontal canard deflections on the qerodyn.smiccharacter-
istics in pitch md sideslip are presented h figures 22-and 23. The
vsriation with singleof attack of the aerodynamic characteristics
resulting from control deflection (figs. 22 and 23) sxe simdlsr to those
shown for other types of csmard missiles (ref. 3, for exsmple) snd may
lead to cconplicatedflight control problems for such missiles. It should
be pointed out, however, that the induced effects, for the most part, “
occur at angles of attack that are greater tham those that would be
reached before longitudinal tit ~ility occurred.

Lateral control.- The effects on the aerodynamic characteristics in
pitch of deflecting the ailerons %_OO are shown in figure 24. There are
smsJ.1decreases in lift and.pitching moment and a “slightincrease in
longitudinal force. The ailerons provide a constant roll incr~nt
throughout the angle-of-attack range but axe relatively tieffective in
producing roll. It is indicated that a *10° deflection would be required
to overcome the induced roll produced by the vertical canard at an sngle
of attack,of 12° (for exsnrple,fig. 22).

Effect of @ e of attack on aerodynamic characteristics in sidesli.~.-
Through the use of the equations for a and 13 given under “Tests and
Procedure,” it is possible to obtain sideslip data at vdious const-t
sngles of attack. ~s proce- has been followed smdj as an emmple,
the results for the complete model hawe been obtained from the baaic
data (figs. 4 and 7) for various constant singlesof attack through the
sideslip rsnge. The tdbulated results are presented in tdble IV, and
the variation of the coefficientswith sidesl.ipfor various constant
@es of attack is shown in figure 25. These results indicate a
decrease in the directional stability at small sides~p angles with
increasing angles of attack up to *out 14° (fig. 25). With increasing
positive angles of attack the variation of rolling
indicates a negative effective dihetisl (positive

\

Similar figures showing the variations of
for c@ined singlesof a and P cm be made
ration for which results were obtained through

.-

the
for
the

—.-

moment with side lip

J
CZP, fig. 25(a) .

various coefficients
each model configu-
roll-smgle rsmge.

..— ——— ——— .—.—. ..z .—. — —— --— -— --— — ---- 1
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CONCLUSIONS

A rsm-jet canard missile model having a wing and horizontal snd
vertical canard surfaces of delta plan form with 70° swept lead@ edges
was tested in the Langley k- by k-foot supersonic pressure tunnel. The
center of gravity of the model was at -19.5 percent of the mean aero-
dynamic chord. The force characteristics of the model snd various com-
binations of its components were determined at a Mach nuuiberof 2.01 ad

6a Reynolds m.mher of 3.47 x 10 bssed on the wbg me’s aerodynamic chord.
A swmasry of the results of investigation indicated the following
conclusions:

1. A nonlinear pitching-moment variation with lift for the complete
model that is prob&dy caused by the moment variation of the body alone
may result in missile tumiblingshove a lift coefficient of 0.4. A for-
wsrd shift h the center-of-gratitylocation would sUeviate the tumbling
but would result in lower maneuverability.

2. The maximum lift-drag ratio obtained for the complete model
- 3.2. The removal of the nacelle-pylon cmibination increased the
lift-drag ratio to 5.0.

3. The
plete model
attack nesr

4. For

directional stability at small sideslip angles of the com-
decreased as the angle of attack was increased to mgles of
140.

positive angles of attack, the complete model had negative
effective d&dral.

Iagley Aeronautical l%boratoryj
National Advisory Ccmmittee for Aeronautics,

Langley Field, Va., Februsry 10, 1956.
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Aileron: “
Area, sq b. ,.
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Horizontal canard surfaces:
Area (qosed), sq ti.
Mesn aerodynamic chord,

Vertical csnard surfaces:
Area (exposed), sq in.
Mean aerodynmnic chord,

. .
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2;666
50.833
19.067
59583

u .853
17.069
4.606
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TABLE II

BODY COORDINATES

Body station Radius
.

0 0
.%27 .076
.627 .156
.956 .233

1.285 .307
1.615 .378
1.945 .445
2.275 .509
2.605 .573
2.936 .627
3.267 .6=92
3.598 .732
3*929 .780
4.260 .824
4.592 .865
4.923 .903
5.255 .940
5.587 .968
5.920 .996
6.252 1.020
6.583 1.042

U.542 1.3331
conical.section

50.833 1.333 cylindrical section
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..- .— ._. ..._—___._.,_____ . . .—— _.. ——



TABIE Ilz

>R

P“ ‘ “ A‘**3k’’6*~o’’t”””””’’’””’:’”’’’’:”-”
h- x—

x

0
.893

l.cii)
1.167
1.333
1.375
1.503
1.667
2.333
3*W3
6.Es8 1

0 0.963
.3= 7.603
.m 13.772
.4-W 14.962

●J=3
.433
.441
.443
.418

.373

.157

r

%7(!6
a.996
a.996

au69

*AH ~ cmtcms me
drdght between the pints note%

1



I

(

a, &9g %

4.W
-.o1o
-.CL9
::g

-.10

cl

-o.cml
-.cxxn
-Ocml
-.03J.

-.fm
-.fxi3

or ‘% %

u
4.3 k.lk -1.uj’

-a 4.41 -1.m
-35 -2.81
-45 % -4.03
-63 7.96 -6.91
-’m u.56 -10.09
-T7 17.

7
-16.6

-33 a.9 -a..64

0.CQ3
.046
.ce3
.I.3fl
430
.433

0.I.?3
.ly3
.I.31
.1X

.I.a

.I.N

-0.052

-.053
-.053
-.052
-.052

-am
-.OW
-.091
-.M1
-.093

-.123
-.m
-.132
-.3-33

-0.01$9
-.o190
-.o170
-.olm
~:ym

:: S&%

-.(!41
-.069
-.E2I_.l_BM

-.msl
-cm
-.o1
-.o14
-.olg

-15 lam. -3.26
-25

t
1 .’a +.66

-35 1 .55 -0.46
-45 16.73 -12.m
-& 23.03 -al.z!-

-.CU4
-.0396
-.@
-.IJ.5

-.=9
-.G57
-.c86

-.039
-.C!41
-.041
-.05g

12
1.2
12
12
12

-.@w
-.olg
-.023
-.032

-.=

::3
-.041

.335

:25
-.199
-.!al
-.ti

-.W
-.OI-7
-.030

.037’

.023

.@

.Ow

.aml

I-6
ti
16
~6

al
20
20

.19 23.65 -5.57
-a a.l?a
-3s 23.96 s:%

-.034
-.W6
-.6

.263
,45
.63

.s35

.P

.P

-.@
-.m
-.306

-.W+
-.W
-J.&l

24
24

2L’15 -6A-o,
$ 26.16 -11.~

-.(M
-.055

.39

.565
-.C92

?.W7



mm Iv. - OJmcluded P
G-1

TABuMmD Rwm18mvAKtomAlF2Lm oFA!m%oK

manbmIm, (meum Kum

(b) ~ - 0°} ~ - -1(Y

F i, ‘&g

4.14
4.41
4.88
.5.63
7.%
u.!%
1~..q
‘ZI.94

p, &eg

-1. o’f
-1.87
-2.81
-4.CQ
-6.w
-10.89

6?
-16.8
-a .

CL

0.135

.lZ
La
.m

.*T

.232

.=5

.%7

‘% Cz

-O. (XI1

-.003
-.036
-.CG9L

4
4
4
4
&
4
4
4

0,048 0.o12

.036

.Oa :%
-.010 .265

aoca

-w
-.C%
-.059

-.017
-.OI.5

8
8
8
8
8
8

u?
I-2
12
12
12

16
~6
16
~6

20
m
m

24
24

-w
-a
-39
-45
40

::8!
9.74
M.24
15.’(0
22.34

.2.16
-3.73
-5.62

-%
-=.U

-.0%
I

-.om .039 I .C&3-.CQ3

-.o11
-.oI.6
-Ools

-.C61. -.030
-.G37 -.034
-.@

.00

{

.22.)
-.02 .3X
-.C$I .!M

-70

I
I
I

1
I

I

-J-5
-?5
-35
-45
-&l

12.o1
13.m
14.55
16.73
23.03

-3.26
.3.66
-8.46
-12.m
-m.21

-4.39
+.62
-IL35
-1.6.(xI

-5.X’

-3:Z

-)
-.126 -.032

-.077 -.034
-.033

-.axl -JW

-.CK12

xx

.olE I .1*

-.034 .3P
-.070 .530

-.col

-.W-.MXI

I
-.058

/ .242.’m

.7=

.*O

‘“m I ‘“M1
-.o.1o

-.03g

--t=
-E
-?5

-.023

1



1’

I

%

a

x
60

RdoiheYIrd

z

Figure l.- Sygta Of stability sxea. Arrows indical+ Positive ~~s.



,
.— -— -

W“-7 “m-m

B’

F&we 2.-

(a) General arrangement of model.

Details of mdel. AU. dhensions in

Frulikkw

inches.



NACAm L56B21 19

.

A

section AA

Horizontal canard

.

.

Hinge line ~

A
IQ,
“@
.. t+ 1.246 ~

A

Section AA
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(b) Details of canard control surfaces.

Figure 2.- Continwd.
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